Objective: The aim of this study was to present a procedure to prepare a calcium-containing nanosheetsmodified sandblasted and acid etched (SLA) titanium surface and explore its effects on osteoblast behavior.
Introduction
Since the discovery of wonderful biocompatibility and excellent mechanical strength of titanium and its alloys, they have been widely used for oral implants. However, patients, especially with underlying diseases, are still beset by the long osseointegration process of traditional oral implants. [1] [2] [3] When an oral implant is inserted into the bone, stem cells initially adhere to the implant surface, which, in turn, plays an importance role in facilitating differentiation of cells along the osteoblast line to improve osseointegration.
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Thus, a rapidly established, strong, and long lasting bond at the implant-bone interface is essential for the successful clinical application of oral implants.
1 This primarily depends on the characteristics of the implant surface.
Over the years, titanium surfaces have been constantly modied and optimized to improve osseointegration for oral implants. Sandblasting and acid etching (SLA), the most commonly used technique, can generate a hierarchical microstructured titanium surface, which has been proven in a large number of clinical studies to be efficacious for enhancing bone formation. [6] [7] [8] Nowadays, as a mature surface modication for titanium, SLA has been used for a number of famous implant systems, such as Straumann, Bego, and Ankylos. Recently, nanostructure designs, which have an advantageous high surface-to-volume ratio and excellent absorbability, have become of particular interest due to their favorable biofunctionalization. 9 The nanostructured surfaces have the potential to elicit additional gratifying biological effects on stem cells. In addition, the nanostructure dimension may play an important role in dictating the fate of the stem cells. It has been found that the adhesion and differentiation abilities of BMMSCs (bone marrow mesenchymal stem cells) on TiO 2 nanotubes can be solely altered by adjusting the nanotube dimension. 10 From the in vivo study, a signicant enhancement in bone formation was detected on the titanium implant surface modied by 60 nm semi-spheres on the 28 th day aer the implant insertion.
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Surface chemistry also plays a vital role in the regulation of interactions between cells and biomaterials. [12] [13] [14] [15] [16] Calcium (Ca), the principal component of bone, has received extensive attention in the eld of titanium surface modication. 15, 17 It has been found that a calcium plasma implanted titanium surface was suitable for adhesion, spreading, and proliferation of osteoblasts. [18] [19] [20] The calcium-incorporated titanium surface could upregulate the expressions of bone-related genes. 21 Several studies have demonstrated that a Ca-rich layer on the titanium surface has the ability to accelerate the osseointegration process at both cellular and histological levels.
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To date, various modication techniques, including plasma spraying, 25, 26 physical vapor deposition, 27,28 chemical treatments, 9, 29 anodic oxidation, 30,31 micro-arc oxidation, 22 and calcium plasma immersion ion implantation, have been developed to prepare micro/nanostructures-modied or calcium-containing titanium surfaces. 1, 23 However, it is difficult to form micro/ nanostructures and directly incorporate calcium onto the titanium surface during an identical modication process. To the best of our knowledge, studies on the surface modication of titanium with calcium-containing nanosheets have not been reported to date. In this study, a convenient modication technique has been reported for the preparation of a calciumcontaining nanosheets-modied SLA titanium surface via a one-step treatment. Compared to other chemical treatments, this modication technique was convenient and synthesized nanosheets at the same time as incorporating calcium on the SLA titanium surface. The physical property of this novel modied titanium surface and its effects on cells were investigated. We hope that the results of this study would be valuable reference for studies based on cell-biomaterial interactions and oral implant surface modication designs.
Materials and methods

Sample preparation
Commercially pure titanium (99.5 wt% purity, Alfa Aesar, USA) samples were prepared. Samples were sandblasted and ultrasonically cleaned with ethanol and distilled water. Subsequently, the SLA titanium surfaces were obtained by etching with a solution containing HF/HNO 3 (room temperature, 10 min), and then with a solution containing HCl/H 2 SO 4 (80 C in a water bath, 30 min). Samples were dried in an oven at 50 C. 13 The obtained samples were denoted as Ti-SLA samples and used as the control group. Aer this, Ti-SLA samples were immersed in a solution containing Ca(OH) 2 /H 2 O 2 and the mixed solution was placed in a water bath at 70 C for 12 hours. Different ratios of Ca(OH) 2 to H 2 O 2 in the mixed solution diversied the modied titanium surfaces. Samples of two experimental groups (Ti-SLA-1/1 and Ti-SLA-5/1) were prepared with different mixed solutions, in which the ratios of Ca(OH) 2 to H 2 O 2 were 1 : 1 and 5 : 1, respectively. The hydrothermal products were rinsed with distilled water, dried in an ambient atmosphere, and calcined at 450 C for 1 hour.
Surface characterization
The surface morphologies of the Ti-SLA, Ti-SLA-1/1, and Ti-SLA-5/1 samples were observed using eld emission scanning electron microscopy (SEM, 1530VP, LEO, Germany). The surface elemental compositions of different samples were determined using an energy-dispersive X-ray spectrometer (EDX, INCA300, Oxford, UK). A conductive coating of Aurum (Au) was deposited on each sample surface for SEM observation. Carbon (C) was presented as a surface contaminant. 32 Therefore, Au from the conductive coating and C from the surface contaminants were eliminated for determining the surface elemental compositions by EDX. The bonding states and depth proles of the surface constituents were identied by X-ray photoelectron spectroscopy (XPS, Thermo Scientic Escalab 250Xi, USA) using an Al Ka radiation at 150 W with argon sputtering etching. Survey and high-resolution spectra were obtained. Reference binding energy of each element was obtained from the National Institute of Standards and Technology XPS Online Database (http:// srdata.nist.gov/xps/). Spectra were calibrated by adjusting the binding energy of the C 1s signal to 284.8 eV. The surface roughness of different samples was determined using a surface roughness tester (TR200, Detect Kaiyan, China) with a tracing length of 1 mm and a cut-off of 0.25 mm. Five tracings were made on each sample. 33 The adhesion strength of the nanosheets was measured using an electronic universal material testing machine (R3365, USA) at a constant 
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The absorbances were measured using a microplate reader (Spectramax190, MD, USA) at 612 nm wavelength.
Contact angle measurement
The surface wettabilities of Ti-SLA, Ti-SLA-1/1, and Ti-SLA-5/1 samples were evaluated from contact angle measurements using an Automatic Contact Angle Meter Model SL200B (Solon, Shanghai, China) in an ambient environment using 2 mL sessile distilled water droplets.
MC3T3-E1 cells were extensively used for evaluating cell responses, such as attachment, proliferation, calcication, and gene expressions, according to the previous studies. [37] [38] [39] Thus, MC3T3-E1 cells were chosen for this investigation. The cells were purchased from the Chinese Academy of Sciences Cell Bank (Shanghai, China). The cells were maintained in aMinimum Essential Medium (a-MEM, Gibco, USA) containing 10% fetal bovine serum (FBS, Gibco, USA) and 1% penicillin/ streptomycin (Gibco, USA) in a humidied atmosphere of 5% CO 2 and 95% air at 37 C. The medium was changed every two days. Cells were passaged at a ratio of 1 : 4 every 3-4 days when covering 80% area of the cell culture bottle.
Cell adhesion and spreading assay
For the cell adhesion and spreading assay, MC3T3-E1 cells (5 Â 10 3 cells per well) were seeded on Ti-SLA, Ti-SLA-1/1, and Ti-SLA-5/1 samples. Aer culturing the cells for 8 hours, each sample was rinsed with PBS, and then xed with 4% paraformaldehyde in PBS at room temperature for 10 minutes. Aerwards, each sample was stained with Rhodamine Phalloidin (Cytoskeleton, USA) at room temperature in the dark for 30 minutes, and then with 4 0 ,6 0 -diamidino-2-phenylindole (DAPI) (Beyotime, Shanghai, China) for 30 seconds. The cells in ve random elds on each sample were observed using a laser scanning confocal microscope (LSM710, Zeiss, GER). The cell number on each sample was counted at 200Â magnication and the cell morphology was observed at 400Â magnication.
Cell proliferation assay
For the cell proliferation assay, MC3T3-E1 cells (2 Â 10 3 cells per well) were seeded on Ti-SLA, Ti-SLA-1/1, and Ti-SLA-5/1 samples. Aer culturing the cells for 1, 3, and 6 days, the media were removed and a new solution containing 10 mL of CCK-8 solution (Beyotime, China) and 100 mL of culture medium was added in each well, and then incubated for 2 hours. Aer this, the absorbances of the incubated solutions were measured by a microplate reader (Spectramax190, MD, USA) at 450 nm wavelength.
Alkaline phosphatase (ALP) activity assay
For the ALP activity assay, MC3T3-E1 cells (5 Â 10 4 cells per well) were seeded on Ti-SLA, Ti-SLA-1/1, and Ti-SLA-5/1 samples. Aer culturing the cells for 7 and 14 days, each sample was rinsed with PBS, and then the cells on different samples were lysed in radioimmunoprecipitation assay (RIPA) buffer (LEA-GENE, Beijing, China) at 4 C for 30 minutes. The lysates were centrifuged at 12 000 rpm at 4 C for 10 minutes, and then the liquid supernatants were collected. The ALP activity was acquired using an AKP assay kit (Jiancheng Bioengineering Institute, China) and the total protein content was acquired using a BCA protein assay kit (KeyGEN BioTECH, China).
Real-time quantitative PCR
The expression levels of osteogenic-related genes, Runx2, OPN, and OCN, on different surfaces were measured using real-time quantitative PCR. MC3T3-E1 cells were seeded on Ti-SLA, Ti-SLA-1/1, and Ti-SLA-5/1 samples at a density of 1 Â 10 5 cells per well, cultured for 7 and 14 days, and then harvested using Trizol reagent (Invitrogen, USA) to extract the total RNA. The RNA was reverse transcribed into complementary DNA (cDNA) using PrimeScript RT Master mix (Takara, Kusatsu, Japan) and real-time PCR was performed via a ABI 7300 real-time PCR system (Applied Biosystems, USA) using SYBR Premix Ex Taq (Takara, Kusatsu, Japan). The primer sequences of the targeted genes are listed in Table 1 . Real-time PCR was performed in triplicate for each group and the expression levels of the target genes were normalized to that of the b-actin gene.
Western blotting
The protein expressions of Runx2, OPN, and OCN on different surfaces were examined by western blotting. Aer MC3T3-E1 cells (2 Â 10 5 cells per well) were cultured on Ti-SLA, Ti-SLA-1/ 1, and Ti-SLA-5/1 samples for 7 and 14 days, cells were rinsed with cold PBS and then harvested by lysis in RIPA buffer. Total proteins were determined using a BCA protein assay kit (Key-GEN BioTECH, Nanjing, China). Protein extract samples (20 mg) were separated using SDS-PAGE, and then transferred to polyvinylidene uoride (PVDF) membranes (Millipore, USA). Aer blocking with 5% skim milk for 1 h, the membranes were incubated with different primary antibodies against Runx2 (12556, CST, USA), OPN (ab8448, Abcam, USA), OCN (ab93876, Abcam, USA), and b-actin (BM0627, Boster, China) overnight at 4 C. These membranes were then incubated for 2 h with secondary antibodies (ZB-2301, Goat anti-Rabbit IgG, ZSGB-BIO, China; AP124P, Goat anti-Mouse IgG, Millipore, USA). Immobilon western chemiluminescent HRP substrate (Millipore, USA) was used to detect the protein signals. The protein expressions were determined relative to those of b-actin that was used as an internal control.
Statistical analysis
The acquired data were analyzed using SPSS 22.0 (SPSS Inc, Chicago, IL, USA) via one-way analysis of variance. P < 0.05 was considered statistically signicant. 
Results
Surface structure and composition analysis SEM images of Ti-SLA, Ti-SLA-1/1, and Ti-SLA-5/1 samples are shown in Fig. 1 . Under lower magnication, the Ti-SLA sample appeared as a hierarchical microscale structure (Fig. 1a) . Aer 12 hours of hydrothermal treatment and subsequent 1 hour calcination, both surfaces of Ti-SLA-1/1 and Ti-SLA-5/1 samples appeared as nanosheet-like structures (Fig. 1b and c) . Under higher magnication, round micro-pits with sharp edges were observed on the Ti-SLA surface (Fig. 1d) , and the nanosheetstructures on the Ti-SLA-1/1 and Ti-SLA-5/1 surfaces became overlapped and entangled, forming interconnected networks ( Fig. 1e and f) . The thickness of the nanosheets was approximately 20-60 nm. Comparing with the Ti-SLA-1/1 surface, the Ti-SLA-5/1 surface exhibited a more apparent nanosheet structure. XPS survey spectra acquired for different surfaces are displayed in Fig. 2a . Titanium (Ti), oxygen (O), and calcium (Ca) are shown to be present on both Ti-SLA-1/1 and Ti-SLA-5/1 surfaces. There was no calcium on the control Ti-SLA surface.
Adventitious carbon (C) peaks are most likely present due to contamination. The XPS high-resolution spectra of Ca 2p on both Ti-SLA-5/1 and Ti-SLA-1/1 surfaces are displayed in Fig. 2b and c. The Ca 2p spectra exhibited peaks at about 347.3 eV (2p 3/ 2) and 350.9 eV (2p 1/2), indicating the existence of calcium oxide (CaO). Moreover, it could be observed that the intensities of the Ca 2p peaks on the two surfaces remained unchanged with the increasing etching time.
As shown in Table 2 , the EDX results demonstrated that Ti, O, and Ca were detected on both Ti-SLA-1/1 and Ti-SLA-5/1 surfaces, whereas there was no calcium on the control Ti-SLA surface. Approximately 2.25 AE 0.15 at% and 4.45 AE 0.52 at% of calcium was detected on the Ti-SLA-1/1 and Ti-SLA-5/1 surfaces, respectively. Table 3 shows the results of surface roughness and adhesion strength of the coatings. From the results, though not signi-cant, Ti-SLA-1/1 and Ti-SLA-5/1 surfaces revealed slightly higher surface roughness than the control Ti-SLA surface. There was no statistical difference among the adhesion strengths of the three surfaces, indicating satisfactory coating adhesion strengths of Ti-SLA-1/1 and Ti-SLA-5/1 surfaces. 
Surface contact angle
The surface contact angles are shown in Fig. 3 . The Ti-SLA surface showed hydrophobicity with a contact angle of 81. 28 . Both Ti-SLA-1/1 and Ti-SLA-5/1 surfaces showed superhydrophilicity with contact angles of 3.05 and 3.17 , respectively, which were signicantly better than that of the Ti-SLA surface. Moreover, the contact angles of hydrothermally treated samples (Ti-SLA-1/1 and Ti-SLA-5/1) did not signicantly change on altering the ratio of Ca(OH) 2 to H 2 O 2 in the mixed solution. 
Cell adhesion and spreading
Fig . 5 shows the number of remaining MC3T3-E1 cells attached to the three substrates aer culturing for 8 hours, and then rinsing with PBS. Measured by counting the cellular nuclei, the quantitative data of the three substrates revealed that there were signi-cantly more adhered cells on the Ti-SLA-1/1 and Ti-SLA-5/1 surfaces than those on the Ti-SLA surface (P < 0.05). Aer culturing for 8 hours, differences in the cell morphology could be observed as well (Fig. 6 ). The cells spread more evenly across the Ti-SLA-1/1 and Ti-SLA-5/1 surfaces and extended more pseudopodia compared with those on the Ti-SLA surface. There was no signicant difference in the cell spreading between Ti-SLA-1/1 and Ti-SLA-5/1 surfaces.
Cell proliferation
Cell proliferation, as measured by the CCK-8 assay, is shown in Fig. 7 . As time went on, the MC3T3-E1 cells proliferated on all the samples, indicating excellent cell viabilities for the three titanium surfaces. Aer hydrothermal treatments, statistically signicant increase in the cell proliferation could be observed on the Ti-SLA-1/1 and Ti-SLA-5/1 surfaces compared to the Ti-SLA surface aer culturing for 6 days. The results revealed that both Ti-SLA-1/1 and Ti-SLA-5/1 surfaces offered more favorable environments for cell proliferation.
ALP activity Fig. 8 shows the results of the ALP assay. The ALP activity of MC3T3-E1 cells on all samples increased as the culturing time increased. Aer culturing for 7 days, both Ti-SLA-1/1 and Ti-SLA-5/1 surfaces exhibited signicantly higher ALP activity than the Ti-SLA surface. Aer culturing for 14 days, the Ti-SLA-5/1 surface demonstrated the highest ALP activity, followed by the Ti-SLA-1/1 surface, and then the Ti-SLA surface.
Real-time quantitative PCR analysis
The selected osteogenic-related genes, including Runx2, OPN, and OCN, were analyzed via a real-time PCR quantitative technique. As shown in Fig. 9 , the gene expression levels of MC3T3-E1 cells on both nanosheets-modied titanium surfaces (Ti-SLA-1/1 and Ti-SLA-5/1) were up-regulated as compared to those of MC3T3-E1 cells on the control Ti-SLA surface aer culturing for 7 and 14 days. Moreover, the Ti-SLA-5/1 surface, which incorporated more calcium, induced the highest levels of Runx2, OPN, and OCN gene expressions.
Western blotting analysis
Western blotting analysis was performed to verify the osteogenic-related protein expression levels. As shown in Fig. 10 , MC3T3-E1 cells on the two nanosheets-modied titanium surfaces (Ti-SLA-1/1 and Ti-SLA-5/1) showed higher protein expression levels of Runx2, OPN, and OCN than those on the control Ti-SLA surface aer culturing for 7 and 14 days. An interesting nding was that MC3T3-E1 cells cultured on the Ti-SLA-5/1 surface expressed the highest protein levels of Runx2, OPN, and OCN gene expressions.
Discussion
A titanium surface was hydrothermally treated with a mixed solution of Ca(OH) 2 and H 2 O 2 in the present study, which provided a relatively convenient approach to fabricate calciumcontaining nanosheets on a SLA titanium surface. In previous studies, various methods have been used to prepare micro/ nano-topography or to incorporate calcium into the titanium surface.
1,18,20
However, it is difficult to form micro/ nanostructures at the same time as incorporating calcium into the titanium surface during an identical modication process. In this study, a hydrothermal treatment was used to prepare calcium-containing nanosheets on the SLA titanium surface. Based on the different ratios of Ca(OH) 2 to H 2 O 2 (1 : 1 and 5 : 1) in the mixed solutions for treatments, two calciumcontaining nanosheets-modied SLA titanium surfaces (Ti-SLA-1/1 and Ti-SLA-5/1) were prepared. Due to the incorporated calcium and nanoscale thickness of the nanosheets, which might endow the modied surfaces with nanostructure properties, increased in vitro bioactivities of the two calciumcontaining nanosheets-modied surfaces were conrmed.
Through hydrothermal treatment with a mixed solution of Ca(OH) 2 and H 2 O 2 , calcium-containing nanosheets were synthesized on a pretreated SLA titanium sample surface. The modied titanium surfaces were investigated via SEM, XPS, and EDX. From the results, Ti-SLA-1/1 and Ti-SLA-5/1 samples exhibited similar nanosheets topography with differences only in the structure scale and calcium content. As detected by XPS and EDX, surface elemental composition primarily consisted of titanium, oxygen, and calcium. Another study reported that size-controllable sawtooth-like TiO 2 nanostructures could be prepared on titanium surfaces via hydrothermal treatment with a solution of H 2 O 2 .
9 It was also reported that nanometer-scale roughness could be formed on the titanium surface when titanium was exposed to strongly alkaline solutions with a high pH value. 40 In this study, the addition of Ca(OH) 2 in the H 2 O 2 solution increased both the pH value and the calcium content. It seemed that H 2 O 2 and OH À in the solution reacted with SLA titanium surface and Ca 2+ was incorporated into the production for charge balance. Then, the calcium-containing nanosheets were synthesized on the SLA titanium surface. The roughness of the implant surface was also a promoter for bone formation. 41 As a mature surface modication for titanium, the SLA titanium surface has satisfactory surface roughness. The results showed that the modied titanium samples and SLA surfaces revealed similar surface roughness, which might contribute to cell adhesion. 42 The result of shear strength showed that the coating of modied titanium surfaces exhibited satisfactory adhesion strength. From the results and other studies, 9 it could be suggested that chemical bonding existed between the nanosheets and titanium surface.
From the contact angle results, the two calcium-containing nanosheets-modied SLA titanium surfaces exhibited superhydrophilicity, which was favorable for cell adhesion activity.
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The results of the Ca 2+ ion release studies showed that Ca 2+ ion rapidly released into PBS at the initial stage, and then its concentration maintained a relatively high level over time.
Multitudinous studies have conrmed the potential of calcium to upregulate the bone-related genes expressions and elicit satisfactory biological effects. 1, [21] [22] [23] [24] Moreover, other titanium surface properties, including microscale topography, nanostructures, and chemical composition, could inuence the osteoblast behavior.
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Considering the abovementioned factors, we believe that calcium incorporated into the nanosheets might contribute to enhance the bioactivity of the modied titanium surfaces in the current study. The cell adhesion and spreading results demonstrated that both calcium-containing nanosheets-modied SLA titanium surfaces promoted the early attachment and spreading of osteoblasts. The osteoblasts on the Ti-SLA-1/1 and Ti-SLA-5/1 surfaces extended more pseudopodia than those on the Ti-SLA surface. These ndings are in agreement with those of previous studies. 1, 9, 43 It is well known that nanostructure and hydrophilicity are regarded as the promoting factors for cell adhesion. 1, 9, [44] [45] [46] The improvements in cell adhesion and spreading on the modied titanium surfaces should be attributed to their advantageous surface properties. Cell adhesion, which belongs to the rst phase of cell/biomaterial interaction, plays an important role in regulating the cell proliferation. 47, 48 In this work, MC3T3-E1 cells adhered to Ti-SLA-1/1 and Ti-SLA-5/1 samples grew better than those on Ti-SLA samples aer culturing for 6 days. Both increased initial number of adhesive cells and enhanced cell spreading on the titanium surfaces may have promoted the observed proliferation as well.
47 Additionally, some studies have reported that calcium has benecial effects on cell proliferation, 1, 45 which is consistent with our results.
The osteogenic differentiation ability of MC3T3-E1 cells on three substrates were compared at both gene and protein levels. As signicant osteogenic markers, Runx2, OPN, OCN, and ALP were selected to analyze the differentiation activities.
49 Runx2, expressed in the early stage of osteogenic differentiation, is a vital transcription factor for osteoblast differentiation and bone formation. 9 For osteogenic differentiation, OPN, extensively recognized as a mediate marker, is mainly associated with osteoblast maturation in the relatively early stage. 9 As a late marker of osteogenic differentiation, OCN directly participates in the mineralization process.
9 ALP is also a commonly employed marker for osteoblast differentiation at the early stage. 12, 50, 51 In this study, both quantitative PCR and western blotting analysis demonstrated that the two calcium-containing nanosheets-modied SLA titanium surfaces (Ti-SLA-1/1 and Ti-SLA-5/1) up-regulated the expressions of Runx2, OPN, and OCN compared to the control SLA titanium surface (Ti-SLA). Correspondingly, the ALP activity of the MC3T3-E1 cells cultured on the Ti-SLA-1/1 and Ti-SLA-5/1 surfaces were up-regulated. Furthermore, MC3T3-E1 cells on the Ti-SLA-5/1 surface, containing higher calcium, exhibited the highest expression levels among the three substrates. As responding to the calciumcontaining nanosheets-modied SLA titanium surfaces, the cell adhesion and osteogenic differentiation abilities were both enhanced. From the results, we believe that both the nanosheetlike structure and the incorporated calcium were the promoting factors for osteogenic ability. For cell adhesion, spreading and proliferation abilities, it seemed that nanosheets might be the more decisive factor. For cell differentiation abilities, the calcium content might be the more decisive factor. We believed that the adhering MC3T3-E1 cells were rst exposed to more contact locations on the calcium-containing nanosheets, which are able to absorb more extracellular matrix proteins and release Ca 2+ ion. Thus, the stimuli from the nanosheets, calcium, and extracellular matrix all promoted the bone formation. In this study, SLA titanium surface, the most commonly used titanium surface for oral implants, was chosen as the precursor to prepare the novel titanium surface and as a control to evaluate the effects of the modication. Due to the different structures and chemical constituents, the two modied titanium surfaces exhibited better bioactivity than the unmodied SLA titanium surface. Furthermore, based on the abovementioned results, it is expected that the biofunctionalization differences between the two calcium-containing nanosheets-modied SLA titanium surfaces may be primarily caused by differences in their calcium content. The exact mechanism for the calciumcontaining nanosheets modication in regulating the bone formation process still requires further investigation.
Conclusions
A convenient technique to synthesize nanosheets and incorporate calcium into the SLA titanium surface at the same time has been employed in this study. Two types of calcium-containing nanosheet-like structures were prepared on the SLA titanium substrates. Compared with the control SLA titanium surface, MC3T3-E1 cells cultured on the two modied titanium surfaces exhibited enhanced adhesion, proliferation, and osteogenic differentiation abilities. The Ti-SLA-5/1 surface, containing more calcium content, elicited the most gratifying biological effects on the osteoblasts among the three substrates and suggested the potential for the induction of improved osseointegration.
